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(54) Photoelectric conversion device and process for Its fabrication 



(57) In a photoelectric converston device compris- 
ing a photoelectric-conversion section and a peripheral 
circuit section where signals sent Uom the photoelectric- 
conversion section are processed, the both sections be- 
ing provided on the same semiconductor substrate, a 
semiconductor compound layer of a high-melting point 



metal is provided on the source and drain and a gate 
electrode of an MOS transistor that forms the peripheral 
circuit section, and the top surface of a semiconductor 
diffusion layer that senses as a light-receiving part of the 
photoelectric conversion sectk)n is in contact with an in- 
sulating layer. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This Invention relates to a photoelectric con- 
version dev'ce used in informatbn processing devices 
such as digital still cameras, digital video cameras and 
image scanners. More particularly, it relates to a photo* 
electric conversion device having a peripheral circuit lor 
reading electrical charges created in a light-receiving 
part, and a process for its fabrication. 

Related Background Art 

[0002] Photoelectric conversion devices which con- 
vert object images into electric signals include semicon- 
ductor devices of a CCD (charge-coupled device) type 
or an MOS (metal-oxide semiconductor) type. Recently, 
it is sought to improve the image-reading speed of pho- 
toelectric conversion devices. As a means therefor, pe- 
ripheral circuits are made high-speed, or various periph- 
eral circuits are integrated on the same chip as that of 
a photoelectric conversion section. In particular, in MOS 
type photoelectric conversion devices, photoelectric 
conversion sections and peripheral circuit sections can 
be formed by a common fabrication process and hence 
the both can be integrated on the same chip relatively 
with ease. As the MOS type photoelectric conversion 
devices, U.S. Patents No. 5,698.844, No. 5.861,620, 
No. 5,955,753 and so forth disclose devices constituted 
of a light-receiving sectbn and a signal-processing 
MOS transistor. 

[0003] Fig. 12 s a circuit diagram of a conventional 
MOS type photoelectric conversion device. In Fig. 12. 
reference numeral 1 denotes a diode as a light-receiving 
element; 2, a charge transfer MOS transistor tor trans- 
ferring electrical charges created in the light-receiving 
element 1; 3, a reset MOS transistor which, upon appli- 
cation of a reset pulse to a gate electrode, performs re- 
set action on the electrical charges transferred. Refer- 
ence numeral 4 denotes a selecting MOS transistor 
which applies a selection pulse to the gate electrode to 
make the circuit on; and 5, an amplifying MOS transistor 
whteh amplifres the electrical charges transferred to a 
floating gate. Signal charges are once stored in an stor- 
age capacitor 7 from a source follower consisting of the 
transistors 4 and 5 via a charge transfer MOS transistor 
8 which performs transfer action according to transfer 
pulses, and thereafter the electrical charges of the stor- 
age capacitor 7 are outputted from an output terminal 
10 as signals amplified through an amplifier 9. 
[0004] Fig. 13 shows a cross-secttonal structure of a 
photoelectric conversk)n section 41 having the light-re- 
ceiving element 1 . the charge transfer MOS transistor 2 
and and the reset MOS transistor 3, and a cross-sec- 
tk>nal stojctura of an MOS transistor constituting a pe- 



ripheral circuit section 42. Reference numeral 21 de- 
notes a semiconductor substrate; 22. a well having a 
conductivity type different from that of the semiconduc- 
tor sut>strate 21; 23. an isolation region formed by se- 

5 lective oxMation called LOCOS Oocal oxidation ol sili- 
con); 25. a semiconductor diffusion layer sending as the 
light-receiving pari of the light-receiving element 1; and 
38, an Insulating layer. Reference numerals 32 and 33 
denote a source and a drain, respectively; and 31 . a gate 

10 electrode. Contact holes to be formed In the isolation 
region 38 and electrodes formed therein are omitted in 
the illustration. 

[0005] in logic circuits making use of MOS transistors, 
a salicide structure (self-aligned silicidation) is em- 
15 ptoyed in which a semiconductor compound of a high- 
melting point metal is selectively formed on the gate 
electrode. 

[0008] An MOS transistor having this salicide stnjc- 
ture is cross-sectionaily shown in Fig. 14. 
20 [0007] As shown in Fig. 1 4, a well 1 22 is formed on a 
semiconductor substrate 121. a gate 131, a drain 132 
and a source 133 are formed, and silicide layers 130 
fonned of, e.g.. a cotiatt silicide are formed on their top 
suriaces. 

2S [0008] Then, on this MOS transistor, an insulating pro- 
tective layer 138 is overlaid, and a gate electrode 136. 
a source electrode 137 and a drain electrode 135 are 
formed, thus a togfe circuit is set up. 
[0009] A solid-state imaging device provided with a 

30 silicide film only on the source and drain of a CMD de- 
vice (charge modulation device) is also disclosed in Jap- 
anese Patent Application l3id-Open No. 6-326289. 
[0010] In the CMD device, however, the light is re- 
ceived through a gate electrode formed of polycrystal- 

35 line silicon and the electrical charges created by light tn 
the underlying channel regk>n are stored, and hence the 
device has been unsatisfactory in respect of sensitivity. 
[0011] Meanwhile, where the salicide structure as 
shown in Fig. 14 is employed in the MOS type pholoe- 

<o lectrk: conversksn devices for the purpose of high-speed 
operation, electric currents may leak from the photoe- 
lectric conversion section in a large quantity to cause 
deterioration of photoelectric conversion characteris- 
tics. 

45 

SUMMARY OF THE INVENTION 

[001 2] An object of the present invention is to provkle 
a photoelectric conversbn device that is operable at a 

so high speed without causing any deterioration jn the 
characteristics of the photoelectric conversfon section, 
and a process lor its fabrication. 
[001 3] As the gist of the photoelectric conversbn de- 
vice of the present invention, it is a photoelectric con- 

55 version device comprising a photoelectric conversion 
section and a peripheral circuit section where signals 
sent from the photoelectric conversion section are proc* 
essed. the both sections being provided on the same 
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semiconductor substrate; wherein a semiconductor 
compound layer of a high-melting point metal is provid- 
ed on the source and drain and a gate electrode of an 
MOS transistor that forms the peripheral circuit section, 
and the top surface of a semiconductor diffusion layer s 
that senses as a iight-receivtng part of the photoelectric 
conversion section Is in contact with an insulating layer. 
[0014] As the gist of the process for fabricating the 
photoelectric conversion device of the present inven- 
tion, it is a process tor fabricating a photoelectric con- w 
version device comprising a photoelectric conversion 
sectton and a peripheral circuit section where signals 
sent from the photoelectric conversion sectbn are proc- 
essed, the both sections being provided on the same 
semiconductor substrate; the process comprising the is 
steps of covering with a semiconductor compound for- 
mation barrier layer the top surface of a semiconductor 
diffusion layer that serves as a tight-receiving pari of the 
photoelectric conversion section, and forming a semi- 
conductor compound layer of a high-melting point metal so 
on source and drain regions and a gale-electrode con- 
ductive tayer of an f^OS transistor which are not covered 
with the semiconductor compound formation barrier lay- 
er. 

[0015] According to the present invention, since the 
semiconductor compound layer of a high-melting point 
metal Is not in contact with at least the semiconductor 
diffusion layer serving as a light-receiving part, any leak- 
age currents can be prevented in the light -receiving part. 
[0016] In addition, since in the MOS transistor consti- 30 
tuting the peripheral circuit the semiconductor com- 
pound layer of a high-melting point metal is provided on 
each of the gate electrode, the source and the drain, it 
has a low resistance and even a mtcrotransistor is op- 
erable in a high speed. ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

« 

[0017] Fig. 1 is a diagrammatic cross-sectional view 
of the photoelectric conversion device according to the 40 
present invention. 

[0018] Fig. 2 is a circuit diagram of the photoelectric 
conversion device according to the present inventbn. 
[0019] Fig. 3A is a cross-sectional view of a fight-re- 
ceiving part where a semiconductor compound layer of ^ 
a high-melting point metal is formed, and Fig. 3B is a 
diagrammatic cross-sectional view of a light-receiving 
part not having any semiconductor compound layer of 
a high-melting point metal. 

[0020] Figs. 4A, 4B. 4C. 4D and 4E are diagrammatic so 
cross-sectiona) views which illustrate a process for fab- 
ricating a photoelectric conversion device according to 
an embodiment of the present invention. 
[0021] Figs. 5A, 5B. 5C and 5D are diagrammatic 
cross-sectional views which illustrate a process for fab- ss 
ricating a photoelectric conversion device according to 
another embodiment of the present invention. 
[0022] Figs. 6A, 6B and 6C are diagrammatic cross- 
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sectional views which illustrate a process for fabricating 
a photoelectric conversion device according to still an- 
other embodiment ol the present nvention. 
[0023] Fig. 7 is a diagrammatic cross-sectional view 
of the photoelectric conversion device according to an- 
other embodiment of the present invention. 
[0024] Fig. 8 is a diagrammatic cross-sectional view 
of the photoelectric conversion device according to still 
another embodiment of the present invention. 
[0025] Figs. 9A. 9B, 9C. 90 and 9E are diagrammatic 
cross-sectional views which illustrate a process for fab- 
ricating a photoelectric conversion device according to 
still another embodiment of the present invention. 
[0026] Fig. 10 is a diagrammatic cross-sectional view 
of the photoelectric conversion device according to still 
another embodiment of the present invention. 
[0027] Fig. 11 is a circuit diagram of a photoelectric 
conversion device used in the present invention. 
[0028] Fig. 12 is a circuit diagram of a photoetectric 
conversbn device. 

[0029] Fig. 1 3 is a diagranvnatic cross-sectional view 
of a conventional photoelectric conversion device. 
[0030] Fig. 1 4 is a diagrammatic cross-sectional view 
of a conventional theoretical-circuit MOS transistor. 
[0O31] Fig. 1 5 is a diagrammatic view of an image in- 
formation processing device making use of the photoe- 
lectric conversion device of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODlMEf^S 

[0032] The photoelectric conversion device according 
to the present invention will be described with reference 
to Figs. 1 and 2. 

[0033] Fig. 1 is a diagrammatic cross-sectional view 
of the photoelectric conversion device, and Fig. 2 is a 
circuit diagram of the part corresponding to one pixel 
(pk;ture element) of this photoelectric conversion de- 
vice. 

[0034] Here, its photoelectric conversion sectkxi has 
a light-receiving element 1 , a charge transfer MOS tran- 
sistor 2, a reset MOS transistor 3, an amplifying MOS 
transistor 5 and a selecting MOS transistor 4. 
[0035] Fig. 1 shows a cross-sectional structure of a 
photoelectric conversion section 41 having, in particular, 
the lighl-receivlng element 1 . charge transfer MOS tran- 
sistor 2 and reset MOS transistor 3 provkied therein, and 
a cross-sectional stnicture of an MOS transistor consti- 
tuting a peripheral circuit section 42 whk:h processes 
signals sent from the photoelectric conversion sectksn 
41. 

[0036] Electrodes and wirings which connect each 
MOS transistor are omitted from illustration. An example 
of wirings (a circuit) is as shown in Fig. 2. 
[0037] Electrical charges (electrons here) created by 
li^t having entered a photodkxle sending as the light- 
receiving element 1 are stored in the cathode of the pho- 
todkxie. The charges thus stored are transferred by the 
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charge transfer MOS transistor 2 to the gate o1 the am- 
plifying MOS transistor 5. where the gate potential 
changes. A voltage is applied by the selecting MOS tran- 
sistor 4 to the dirain of the amplifying MOS transistor 5, 
whereupon amplified signals are read from the source 
of the amplifying MOS transistor 5. Then, immediately 
before the signals are read or after they have been read, 
the gate of the amplifying MOS transistor is reset to ref- 
erence potential. 

(0038] Fig. 2 shows an example of a circuit used in 
the photoelectric conversion device of the present In- 
vention. The present invention Is usable in all types of 
photoelectric conversion devices called the MOS type. 
[0039] In Fig, 1 > reference numeral 1 2 denotes a gate 
electrode of the charge transfer MOS transistor 2; and 
13. a gate electrode of the reset MOS transistor 3. ' 
[0040] Reference numeral 1 4 denotes a semiconduc- 
tor diffusion layer serving as the light-receiving part, and 
is fornied of a semiconductor having a conductivity type 
opposite to that of a well 22. In order to improve sensi- 
tivity to visible light, this layer may optionally be made 
to have a junction depth larger than that of other diffu- 
sion layers. 

[0041] Reference numeral 15 denotes a floating dif- 
fusion layer, and is formed of a semiconductor having a 
conductivity type opposite to that of the welt 22. 
[0042] Reference numeral 1 6 denotes a diffusion lay- 
er to which reference voltage for resetting is imparted. 
[0043] Reference numeral 26 denotes a low-impurity- 
density diffusion layer for providing an LDD (lightly 
doped drain) stnjcture, and has the same conductivity 
type as those ot the diffusion layers 15, 16, 32 and 33 
and also a lower impurity density than these. 
[0044] Reference numeral 27 denotes a side spacer 
formed of. e.g.. an insulating material; 29. an insulating 
film which keeps leakage currents from occurring at the 
surfaces of the semiconductor diffusion layer 14 and so 
forth and also f unctbns to bar forma1k>n of the semteon- 
ductor compound of a high-melting point metal. 
[0045] The source ot the charge transfer MOS tran- 
sistor 2 stands common to the light-receiving pari sem- 
iconductor diffusion layer 14, and the drain of the charge 
transfer MOS transistor 2 stands common to the drain 
of the reset MOS transistor 3 to make up the floating 
diffusion layer 1 5. The ftoaiing diffusion layer 1 5 is con- 
nected to the amplifying MOS transistor 5 through an 
electrode (not shown), and the diffusion layer 16 is also 
connected to a reset reference voltage wiring (not 
shown) through an electrode. 
[0046] In the MOS transistor of the peripheral circuit 
42. reference numeral 31 denotes a gate electrode 
formed of. e.g.. polycrystalline silicon; 32 and 33. diffu- 
sion layers sending as a source and a drain, respectively, 
which are fonned of semiconductors having a conduc- 
tivity type opposite to that of the well 22 and have a high- 
er impurity density than the tow-impurity-density diffu- 
sion layer 26. 

[0047] Reference numeral 30 denotes the semicon- 



ductor compound layer of a high-melting point metal, 
and is provided on the top surface of the polycrystatllne- 
silicon gate electrode 31 of the MOS transistor and on 
the top surfaces of the diffusion layers 32 and 33 senring 
5 as the source and drain, it has the f unctton to lower their 
resistivities. 

[0048] On the other hand, any semiconductor com- 
pound layer of a high-melting point metal is not formed 
on the top surface of the semiconductor diffusion layer 

10 1 4 sending as the light-receiving pari of the photodiode, 
the top surfaces of the gate electrodes of the MOS tran- 
sistors 2 and 3 and the top surfaces of the drain and 
sources. These top surfaces come In contact with the 
insulating layer 29. If a layer with a low resistance is pto- 

is vided on the top surface of the semiconductor diffusion 
layer 14 or floating diffuston layer 15, leakage cun-ents 
tend to occur at the surface. Such leakage currents tend 
to occur especially at ends of the semiconductor diffu- 
sbn layer 14 and fk>ating diffusion layer 15. i.e., the por- 

20 tions where p-n junctions terminate in the vicinity ot 
boundaries between the isolation region 23 and the gate 
electrodes. Accordingly, the low-resistance layer like the 
semiconductor compound layer of a high-melting point 
metal should not be provkjed at ends of these layers 14 
and 15 so that the surfaces of such end portions are 
covered with an insulating film such as a silicon oxide 
film. Also, in order to improve photoelectric conversk)n 
efficiency at the light-receiving part, the semteonductor 
compound layer of a high-melting point metal should not 

30 be provided on the light-incident side of the semicon- 
ductor diffusion layer 14. 

[0049] When, however, contact holes are formed in 
the insulating layer to provide electrodes connected to 
the gate electrodes anddiffusion layers, iayersof a high- 
3S melting point metal or its semiconductor compound may 
be formed at the bottoms o1 such contact holes as layers 
of conductive materials. 

[0050] The leakage currents will be described here. 
[0051] If as shown in Fig. 3A a silk;ide layer 30 is 

40 formed also on the semiconductor diffusion layer 14. the 
latter has a low resistance at that part. If so. the p-n junc- 
tion at end portkxis 14A of the semconductor diffuskxi 
layer 14 is short-circuited because of the siiicide to 
cause a leakage current. Such a leakage current is in 

45 so smalt a quantity as not to come into question so much 
in ordinary MOS transistors. In photoelectric conversion 
devk:es. however, it comes out as a noise, h particular, 
a fixed pattern noise. 

[0052] Accordingly, as shown in Fig. SB, the end por- 
50 lions 14A of the semiconductor diffusion layer 14 are 
covered with an insulating layer 29 soas to be protected. 
Since the p-n junction at end portbns 14A of the semi- 
conductor diffusion layer 1 4 is protected in contact with 
the insulating layer, the leakage current can be prevent- 
ss ed from occurring. Then, in saticide processing, such an 
insulating layer prevents reaction with the high-melting 
point metal. This effect is comnxxily applk»ble to all em- 
bodiments of the present inventkm. 
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[0053] In the present invention, the part at which the 
surfaces are covered with Insulating films without pro- 
viding any semiconductor compound layer of a high- 
melting point metal may be only the light-receiving part, 
semiconductor diffusion layer 14. Also, only the semi- 
conductor diffusion layer 1 4 and the gate electrode and 
source-drain of the charge transfer MOS transistor 2 
may be so made as not to be provided with any semi- 
conductor compound layer of a high-mo tting point metal. 
Still also, at least one of the reset MOS transistor 3, the 
amplifying MOS transistor 5 and the selecting MOS tran- 
sistor 4 and the light-receiving part semiconductor dif- 
fusion layer 14 may be so made as not to be provided 
with any semiconductor compound layer ot a high-melt- 
ing point metal. 

[0054] In the case of a circuit in which the light-receiv- 
ing part semiconductor diffusion layer 1 4 is directly con- 
nected to the gate of the amplifying MOS transistor 5 
without use of any charge transfer MOS transistor 2, the 
semiconductor diffusion layer 14 may not be provided 
with any semiconductor compound layer of a high-melt- 
ing point metal and each of the amplifying MOS transis- 
tor, the reset MOS transistor and the selecting MOS 
transistor may be provided with the semiconductor com- 
pound layer of a high-melting point metal. Also, when 
the semiconductor diffusion layer 14 is set common to 
the source or drain of the reset MOS transistor, only the 
common layer may be so rr^de as not to be provided 
with any semiconductor compound layer of a high-mett- 
ing point metal. 

[0055] StitI also, in the case of a circuit construction 
in which the photoelectric conversion section corre- 
sponding to one pixel consists only of one photodiode 
and one charge transfer MOS transistor, only the light- 
receiving part semiconductor diffusion layer 14 may be 
so made as not to be provided with any semiconductor 
compound layer of a high -melting point metal, or the 
charge transfer MOS transistor is also made not to be 
provided with any semiconductor compound layer of a 
high-melting point metal. 

[0056] As described above, the circuit of the photoe- 
lectric conversion section can be constructed in variety 
In any case, the semiconductor compound layer of a 
high-melting point metal is not provided on at least the 
light-receiving part, semiconductor diffusion layer 14. 
Then, selection is nr>ade on whether or not the semicon- 
ductor compound layer of a high-melting point metal is 
provided on the gate electrode and the source and drain 
other than the semiconductor diffusion layer 14. 
[0057] More preferably, when photoelectric conver- 
sion sections are arranged in a two-dimensional array, 
the semiconductor compound layer of a high-melting 
point metal may be provided only on the MOS transistor 
of the peripheral circuit other than the photoelectric con- 
version section without providing any semiconductor 
compound layer of a high-melting point metal on the 
whole photoelectric conversion section, as in one em- 
bodiment described later. 



[0058] In order for only the light-receiving part, semi- 
conductor diffusion layer not to be provided with any 
semiconductor compound layer of a high-melting point 
metal, an end of the layer for barring formation of a sem- 

5 iconductor compound of a high-melting point metal (the 
semiconductor compound formation barrier layer) must 
be registered (position-adjusted) in a high precision. Ac- 
cordingly, as described later in another embodiment, the 
end of the semiconductor compound formation barrier 

10 layer may be so registered that the end is disposed on 
the gate electrode adjoining to the light -receiving ele- 
ment. 

[0059] To form the peripheral circuit section used in 
the present invention, a shift register, a noise-etiminat- 

is ing circuit, an amplifier, a sample-and-hold circuit, an A/ 
D (analog-to-digital) converter, a timing generator, a 
programmable gain amplifier, a logarithmic conr\press- 
ing circuit and so forth may optionally be used in appro- 
priate combination into one chip. Accordingly, the MOS 

20 transistors constituting these may be provided with the 
semiconductor compound layer of a high-melting point 
metal so as to be improved in operational speed. 
[0060] In another case where various logic circuits 
and memories are made into one chip, the MOS tran- 

?s sistors constituting these may also be provided with the 
semiconductor compound layer of a high-melting point 
metal. 

[0061] The peripheral circuit section may preferably 
be constituted using n-type MOS transistors and p-type 
30 MOS transistors produced by a CMOS (complementary 
metal-oxide semiconductor) fabrication process, which 
may each preferably be MOS transistors having an LDD 
structure. 

[0062] The high-melting point metal used in the. 

9S present invention is also called a refractory metal, and 
Is at least one selected from the group consisting ol ti- 
tanium, nickel, cobalt, tungsten, molybdenum, tantalum, 
chromium, palladium, platinum, vanadium and zirconi- 
um, or an alloy composed chiefly of any of these. 

40 [0063] The semiconductor compound layer of such a 
high-melting point metal used in the present invention 
is formed of at least one selected from the group con- 
sisting of titanium siticide, nicl^el silictde, cobalt silicide, 
tungsten silicide, molybdenum siticide, tantalum silicide. 

45 chromium silictde, palladium silicide, platinum silicide. 
vanadium silicide and zirconium silicide. Also, it may be 
a silicide of the above alloy. The surface of the semicon- 
ductor compound layer of the high-melting point metal 
may also be nhrided to form a barrier metal. 

so [0064] As the insulating layer (semiconductor com- 
pound fornration barrier layer) that covers the diffusbn 
layer used in the present invention, non-doped silicon 
oxide or silicon oxide doped with phosphorus and/or bo- 
ron may preferably be used. Besides these, insulating 

55 materials such as silicon* nitride, silicon nitride oxide, 
aluminum oxide and tantalum oxide may also be used. 
[0065] In order to control reflection components of the 
light incident on the light-receiving part, semiconductor 
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diffusion layer, this insulating layer may be made tohave 
the function as a reflection preventive film. Stated spe- 
cifically, as detailed taler, an insulating layer having a 
large refractive index such as silicon nitride or silicon 
nitride oxide may be overlaid on the insulating layer 
formed of silicon oxide. 

[0086] I n the present invention, in order to bar forma- 
tion of the semiconductor compound of the high-metting 
point metal, the insulating material such as non-doped 
silicon oxide, silicon oxide doped with phosphorus and/ 
or boron, silicon nitride, silicon nitride oxide, aluminum 
oxide or tantalum oxide is formed on the top surface of 
the semiconductor diffusion layer before the high-melt- 
ing point metal is deposited, to protect the underlying 
semiconductor. This insulating material may be left as 
the above insulating layer that covers the diffusion layer, 
or may be removed after the semiconductor compound 
layer o1 the high-melting point metal has been formed. 
[0067] The semiconductor diffusion layer 14 used In 
the present invention may have an impurity density of 
from1 X lO^^cm-^tol x lO^^cm-^ and a junction depth 
of from 0.2 nm to 0.5 jim; the low-impurity-density 
source ar>d drain diffusion layer 26 used in the present 
inventton may have an Impurity density of from 1 X 10^^ 
cm'3 to 1 X 1 0^® cm'3 and a junctton depth of from 0.05 
to 0.3 pm; and the high-impurity-dens'ity source and 
drain diffusion layers 15, 16. 32 and 33 used in the 
present inventbn may each have an impurity density of 
from 1X10^® cm-3 to 1 x 1 0^^ cm-3 and a junction depth 
of from 0. 1 ^m to 0.5 pm; any of which may t>e selected 
within these ranges. 

(First Embodiment) 

[0068] A process for fabricating the photoelectric con- 
version device In First Embodiment will be described 
with reference to Figs. 4A to 4E. 
[0069] First, as shown in Fig. 4A, a p-type well 22 and 
an n-type well (not shown) are formed on a semicon- 
ductor substrate such as a silicon substrate, and an iso- 
lation region 23 is formed by selective oxidation or the 
like. Incidentally, in Figs. 4A to4E, a photoelectric con- 
version section 41 and a peripheral circuit section 42 
are illustrated adjoiningly. 

[007(q Subsequently, polycrystalline-siticon gate 
electrodes 12, 13 and 31 of individuat MOS transistors 
are formed, and thereafter an n-type impurity is intro- 
duced to form a photodtode sertitconductor diffusion lay- 
er 14 constituting the light-receiving part. The n-type im- 
purity is introduced by ion implantation using the gale 
electrodes as masks, thus self -aligned source-drain dif- 
fusion layers 26 having a low impurity density are 
formed on gate electrode sides. Then, an insulating ma- 
terial such as silicon oxkje is deposited thereon and the 
insulating material is etch-backed by anisotropic etch- 
ing. Thus, side spacers 27 are formed on the sidewalls 
of the gate electrode 24. Then, an n-type impurity is In- 
troduced using the gate electrodes and sMe spacers as 



masks for ion implantation, to form on side-spacer sides, 
self-aligned source-drain diff usk>n layers 32 and 33 hav- 
ing a high impurity density. Thus, the structure as shown 
in Fig. 4B is obtained. 

5 [0071] As shown in Fig. 4C, a high-mefllng point metal 
semiconductor compound formation barrier layer 29 
such as a silkron oxkto film is formed by CVD (chemical 
vapor deposilkjn) or PVD (physical vapor depositbn). 
This layer is left only at the pholoelectrk; conversion sec- 

10 tion 41 and the barrier layer 29 at the peripheral circuit 
section 42 is selectively removed. 
[0072] A layer (not shown) of a high-metting point met- 
al such as Co and an anti-oxkjizing layer (not shown) of 
a high-metting point metal such as TiN are successively 

IS formed by vacuum deposition. CVD or sputtering. These 
layers are heat-treated to cause the gate electrodes of 
MOS transistors and the silcon constituting the source 
and drain to react with the high-melting point metals (to 
effect siiicidation) to form a semiconductor compound 

20 layer of the high-melting point metal. Subsequently, un- 
reacted layers (not shown) of the high-melting point met- 
al, remaining on the barrier layer and so forth, and the 
anti-oxkjizing layer of the high-melting point metal are 
removed by immersion in an acid solution, followed by 
heat treatment again. Thus, as shown in Fig. 4D, sem- 
iconductor compound layers 30 of a high-melting point 
metal such as cobalt silicide are formed. 
[0073] Next, an insulating layer 38 such as a BPSG 
(boro-phosphosilicate glass) film is formed, contact 

30 holes are formed, and electrodes 37 are formed therein. 
Wiring 39 is also lormed. Thus, the structure as shown 
in Fig. 4E Is obtained. The gate electrodes and ditfusbn 
layer of the photoelectric converston section 41 are cov- 
ered and protected with the insulating film except for the 

95 bottoms of the contact holes. 

[0O74] As the high-malting point metal to be made into 
silickle, beskles Co the materials listed above may also 
be used. Silick^ation is disclosed in, e.g., Japanese Pat- 
ent Application LakJ-Open No. 7-335890. 

40 [0075] The anti-oxidation layer may also be formed as 
occason calls. 

[0076] In the foregoing description, an example is giv- 
en in which an n-type MOS transistor is used. In the case 
where photoelectric conversion devices are fabricated 

45 by the CMOS process, the conductivity type may be 
changed to fabrk^ate p-type MOS transistors similarly. 
[0077] In the above First Embodiment of the present 
invention, any silicide layer of a high-melting point metal 
is not present at the photoelectric conversion section 4 1 , 

so and, at the peripheral circuit sectran 42, the silicWe layer 
of a high-melting point metal is fonmed on the source 
and drain and the gate electrode, ol the MOS transistor 
Hence, the individual reg»ns can be made to have a 
bw resistance, so that the circuit can be operated at a 

ss high speed in the peripheral circuit section 42. Also, in 
the photoelectric conversion section 41 , any great leak- 
age current may occur and the photoelectric conversk>n 
characteristics do not detertorate. 
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(Second Embodiment) 

[0078] Second Emt)odiment of the present invention 
employs in the MOS type photoelectric conversion de- 
vice the salicide sinicture at portions other than the light- 
receiving part 14, bounded on the gate electrode o1 the 
charge transfer ^AOS transistor which transfers signal 
charges in each photoelectric conversion section 41. 
Thus, it follows that at least pan of the top surface of the 
gate electrode adjoining to the light-receiving part sem- 
iconductor dlffus'ion layer 14 is in contact with the insu- 
lating layer. In other words, it follows that an end of the 
semiconductor compound layer of a high-melting point 
metal is disposed at the top surface of the gate electrode 
adjoining to the light*receiving part. 
[0079] In Second Embodiment, the hlgh-melling point 
metal is absent only on the semiconductor diffusion lay- 
er 14 of the photodiode in the photoelectric conversion 
section 41 and the salicide structure is provided on the 
drain 1 5 of the charge transfer MOS transistor 2, the re- 
set MOS transistor 3 and the amplifying MOS transistor 
and selecting MOS transistor which constitute a source 
foltower (formed in the depth direction of the drawing), 
in the photoelectric conversion section 41. Thus, com- 
pared with First Embodiment the individual MOS tran- 
sistors of the photoelectric conversion section can be 
operated at a high speed so that a more high-speed op- 
eration can be accomplished. 
[0080] This embodiment is described below with ref- 
erence to Figs. 5A to 5D. 

[0081] As shown in Fig. 5A, a well 22. an Isolation re- 
gion 23, gate electrodes 1 2, 1 3 and 31 , a semiconductor 
diffusion layer 14, a low-impurity-density source-drain 
diffusion layer 26 and high-lmpurity-density source- 
drain diffusion layers 15, 28, 32 and 33 are formed in 
the same manner as in First Embodiment. 
[0082] As shown in Fig. 5B. a barrier layer 29 is 
formed in the same manner as in First Embodiment, and 
the barrier layer 29 is selectively removed except for that 
on the semiconductor diffusion layer 14, in such a way 
that an end 29A is disposed on the gate electrode 12 of 
the charge transfer MOS transistor 2. Thus, a design 
margin is kept provided so that the semiconductor dit- 
fusion layer 14 can surely be covered with the barrier 
layer 29 even when any mask aberration occurs in pho- 
tolithography. 

[0083] In the same manner as In First Embodiment, a 
high-melting point metal layer and an anti-oxidizing lay- 
er are successively formed by sputtering or the like, fol- 
lowed by heat treatment to effect silicidation. Un reacted 
layers and anti-oxidizing layers of high-melting point 
metals, remaining on the top of the banier layer 29 and 
on the top of the isolation region are removed by immer- 
sion in an acid solution, followed by heat treatment 
again. Thus, as shown in Fig. 5C, semiconductor com- 
pound layers 30 of the high-melting point metal are 
formed. 

[0084] As shown in Fig. 5D, in the state where the bar- 



rier layer 29 is left, an interlayer insulating layer 38 is 
formed, contact holes are formed, electrodes 37 are 
formed and wiring 39 is formed all in the same manner 
as in First Embodiment. 

5 [0085] In the above Second Err^odiment of the 
present invention, any silickje layer of a high-melting 
point metal is not present on the light-receiving pan of 
the photoelectric conversion section 41 . and the silicide 
layers of a high-melting point metal are fomaed on the 

10 sources and drains and gate electrodes of the MOS 
transistors of the charge transfer MOS transistor 2, reset 
MOS transistor 3 and amplifying MOS transistor and se- 
lecting MOS transistor which constitute a source follow- 
er, in the photoelectric conversbn section 41 . and on 

IS the source and drain and gate electrode of the periph- 
eral circuit section 42. Hence, the individual regk>ns can 
be made to have a low resistance, so that the circuit can 
be operated at a high speed. Also, in the photoelectric 
conversbn sectton 41 , any leakage current may lass oc- 

20 cur and the photoelectric conversion characteristics do 
not deteriorate greatly. 

(Third Embodiment) 

ss [0088] Third Embodiment of the present invention 
employs in the MOS type photoelectric conversion de- 
vice a barrier layer for making up a region where the 
silicide layer of a high-melting pdnt metal is not fonmed; 
the barrier layer being used in combination with a side 

30 spacer formed on sidewalls of the gate electrode. 
[0087] First, a structure shown in Fig. 6A is prepared. 
In the process for fabricating MOS transistors of the pho- 
toelectric conversion section 41 and peripheral circuit 
section 42, the procedure of First Embodiment is repeat- 

3S ed up to the f onnatk>n of the well 22, isolation region 23. 
gate electrodes 12. 13 and 31, semiconductor diffusron 
layer 14 and low-impurity-density source-drain diffusbn 
layer 26. 

[0088] As shown in Fig. 6B. a film 57 whnh senses as 
^0 a semiconductor compound fornr^tton barrier layer and 
side spacers is formed on the top surface inclusive of 
that of the semiconductor diffusion layer 1 4. Stated spe- 
cifically, a film 57 such as a silicon oxide film is formed 
by CVD or the like. Only the top of the semteonductor 
45 diffusion layer 14 is covered with an etching mask (not 
shown), and only portions uncovered to the other por- 
tions are removed by reactive ion etching. Then the 
etching mask is removed. Thus, the film 57 remain on 
the semiconductor diffusion layer 14 and, on the other 
so portions, the film 57 remains only on the skJewalls of the 
gate electrodes. 

[0089] Thereafter, In the regions of the low-impurity- 
density source-drain diff uston layer 26, source-drain dif- 
fusion layers 15. 28. 32 and 33 having a high impurity 
ss density are selectively fomied by a self-alinged process 
using the skle spacers as masks. Next, in the same 
manner as In First Emt>odIment, a high-melting point 
metal layer and an anti-oxidizing layer are successively 
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formed by sputtering or the like, followed by heat treat- 
ment to effect siiicidation. Unreacted layers and anti-ox- 
idizing layers remaining on the top of fitnts 57 are re- 
moved by immersion In an acid solution, followed by 
heat treatment again. Thus, sllicida layers 30 are 
formed. An interlayer insulating layer 3B Is fomied, con- 
tact holes are made, electrodes 37 and wiring 39 are 
formed. Thus, the structure as shown in Fig. 6C is ob- 
tained. 

[0090] In this embodiment, the silicide layer is formed 
after the hlgh-impurity-density source-drain diffusion 
layers have been formed. Atternativety, the high-impu- 
rity-density source-drain diffusion layers may be formed 
after the silicide layer 30 has been formed, followed by 
ion implantation. 

[0091] In the present entbodiment, a protective film at 
the part where the salicide structure is not employed is 
used in common to the side spacer formed on the side- 
walls of the gate electrode. Hence, the production cost 
can be kept low. 

(Fourth Embodiment) 

[0092] Fig. 7 shows a cross section of a photoelectric 
conversion device according to the present embodi- 
ment. 

[0093] What are different from the construction shown 
in Fig. 1 are that an additional insulating layer 59 having 
a large retractive index is provided on the insulating lay- 
er 29. which also functions as the barrier layer against 
formation of the semiconductor compound having a 
high-melting point metal, and that a light-screening film 
56 having an opening 56 is provided so that the light 
enters substantially only the semiconductor diffusion 
layer 14. 

[0094] The insulating layer 29 may have a thickness 
selected within the range of from 5 nm to 300 nm. and 
the additk?nal insulating layer 59 may have a thickness 
selected within the range of from 7 nm to 120 nm. 
[0095] For example, the thickness that is optimum to 
blue light of 450 nm in wavelength is 1 54 nm and 57 nm 
for the insulating layer 29 and the additional insulating 
layer 59, respectively, when silicon oxide (refractive in- 
dex: 1.46) Is selected as the former and silicon nitride 
(refractive index: 2.00) as the latter. The thickness that 
is optimum to green light of 550 nm in wavelength is 168 
nm and 69 nm for the insulating layer 29 and the addi- 
tional insulating layer 59, respectively, when silkx>n ox- 
ide is selected as the former and silicon nitride as the 
latter. The thickness that is optimum to red light of 650 
nm in wavelength is 233 nm and 61 nm for the insulating 
layer 29 and the additbnal insulating layer 59, respec- 
tively, when silicon oxide is selected as the former and 
silicon nitride as the latter. 

[0096] When silicon n'arkle oxide (refractive index: 
1 .65) is selected as the additional insulating layer 59, its 
thickness that is optimum to blue light, green light and 
red light is 68 nm, 84 nm and 99 nm. respectively 



[0097] For example, in the light of 550 nm in wave- 
length, its reflectance is about 6% when the insulating 
layer 29 formed of silicon oxkJe has a thickness of 168 
nm and the additk>ndl insulating layer 59 formed of sili- 

5 con nitrkto has a thickness of 69 nm. whereas it reaches 
as high as 27% when any additional insulating tayer 59 
formed of sirioon nitrkie Is not provided. 
[0098] The light-screening film 56 may be used also 
as wiring for supplying a high reference voltage, such 

10 as a power source line, or wiring for supplying a low ref- 
erence voltage, such as a grounding line. Such lines 
may also separately independently be provided, or need 
not be provided in some cases. 

15 (Fifth Embodiment) 

[0099] Fig. 8 shows a cross-sectnnal structure of the 
light-receiving part and the vtetnity thereof, according to 
the present embodiment. 

20 [0100] In this embodiment, a p-type semiconductor 
diff usbn layer 22 A is provided t>etween the n-type sem- 
iconductor diffusion tayer 1 4 and the insulating layer 29; 
the former storing the electrical charges (electrons here) 
created by the light having entered. It is provided In order 

2S to prevent dark currents from being caused by any de- 
fects present at the interface between the insulating tay- 
er and the semiconductor and also to provide a buried 
photodtode structure made to have a large storage ca- 
pacity by providing p-n junctions above and beneath the 

30 semiconductor diffusion layer 1 4. 

[01 01] Thus, the surface of the p-type semiconductor 
diffusion layer 22 A constituting part of the anode is cov- 
ered with the insulating layer 29. and any semiconductor 
compound layer of a high-melting point metal, such as 

35 a silk;lde layer. Is not formed thereon. 

[01 02] If the high-melting point metal is formed on the 
surface of the semiconductor diffusion layer 22A and the 
6iricidatk3n reaction takes place, not only leakage cur- 
rents may greatly occur but also there Is a possibility 

40 that the p-n junction of the thin p-type semiconductor 
diffusfon layer 22A on the surtace side is broken. Ac- 
cordingly, in the photoelectric conversion device having 
the light-receiving part having such a buried photodiode 
structure. It is very effective not to form at the light-re- 

45 ceiving pan any semiconductor compound layer of a 
high-melting point metal. 

(Sixth Embodiment) 

so [0103] A process lor fabricating the photoelectrw con- 
version device according to the present embodiment is 
described below with reference to Figs. 9 A to 9E. 
[0104] A semk^onductor substrate is prepared and a 
p-type well 22 is formed. Thereafter, an isolatton region 

55 23 is formed by selective oxklatk>n. Then, gate insulat- 
ing films are formed and thereafter conductors such as 
polycry stall ine silicon serving as gate electrodes are de- 
posited, folbwed by patterning. 
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[0105] Next, the portions other than the part serving 
as the light-receivtng part are covered with a mask (not 
shown) formed using a photoresist, and an n-type im- 
purity Is ton-implanted to form an n-type semiconductor 
diffusion layer 14. In this case, as shown in Fig. 9A. ions 
may be implanted in the direction inclined by 30 degrees 
w'tth respect to the normal tine of the substrate surface 
so that a p-n junction Is disposed beneath the ^te elec- 
trode. The angle of inclination is by no means limited to 
30 degrees, and may preferably be selected within the 
range of from 10 degrees to 60 degrees. 
[0106] Then, a p-type impurity is lon-imptantedtoform 
a p-type semiconductor diffusion layer 22A. Thus, an 
end of the p-type semiconductor diffusion layer 22A can 
be disposed at a position separated from the end of the 
n-type semiconductor diffusion layer 14 which end lies 
beneath the gate electrode 12. 
[01 07] In order to form a diffusion layer 26 sen/ing as 
the source and drain, having a low impurity density, an 
n-type Impurity is further implanted while masking the 
regions serving as the light-receiving part in this case, 
ions may be implanted white tn-plane rotating the sub- 
strate, in the directk>n inclined by 10 degrees to 60 de- 
grees with respect to the normal line of the substrate 
surface so that ends of the tow-lmpurtty-density source 
and drain are disposed beneath the gate electrode with- 
out regard to the direction of the MOS transistor. Also, 
a low-impurity-denslty source and drain (not shown) for 
the p-type MOS transistor is similarly formed. 
[0108] Next« an insulator such as silicon oxide is de- 
posited by CVD or the like, and thereafter the insulating 
material is etch-backed by. e.g., reactive etching. Thus, 
skie spacers 27 are formed on the sidewalls of the gate 
electrodes 12, 13 and 31. Then, an n-type impurity is 
ion-implanted using the photoelectric converston sec- 
Xton 41 as a mask (not shown) for bn implantatkx>. 
formed using a photoresist, and the side spacers also 
as masks, to form on side spacer sides, self-aligned 
source-drain diffusfon layers 15, 28, 32 and 33 having 
a high impurity density. Also, high-impurity -density 
source and drain (not shown) for the p-type MOS tran- 
sistor are similarly formed. Thus, the structure as shown 
in Fig. 9B is obtained. 

[0109] Subsequently, as barrier layers 29 and 59 
against formation of the semiconductor compound of a 
high-melting point metal, an insulating teiyer having a 
low refractive index such as a silicon oxide teyer and an 
insulating layer having a high refractive index such as a 
siteon nItrkJe or silicon nitrkSe oxide layer are formed by 
CVD or the like. When these Insulating layers are left, 
their thickness is so determined that these functksn as 
reflection preventive layers. Then, the insulating layers 
29 and 59 in the region involving the source and drain 
and gate electrode on which the semiconductor com- 
pound layer of a high-melting point metal Is to be formed 
are removed by etching to uncover the surfaces of the 
semiconductor diffusion layers 32 and 33 and the sur- 
face of the gate electrode 31. Thus, the structure as 



shown in Fig. 9C is obtained. 
[0110] Then, a layerof a high-melting point metal such 
as Co and an anti-i»cidizing layer of a high-melting point 
metal such as TIN are successively formed by vacuum 

5 deposition. CVD or sputtering. These layers are heat- 
treated at a temperature sufficient for causing the sem- 
iconductor compound to react, to cause the high-melting 
point metal to react, at least at its under surface side, 
with the sem conductor to form semiconductor conv 

JO pound layers 30 of the high-melting point metal. Unre- 
acted high-melting point metal layers and the anti-oxi- 
dizing layer are removed using an etchant such as a so- 
lution of mixture of sulfuric ackJ with hydrogen peroxide 
water. Thus, as shown in Fig. 9D, semiconductor com- 

is pound layers 30 of the high-melting point metal are 
formed in self-alignment. 

[0111] After an interiayer insulating layer 36 such as 
a BPSG film is formed, the surface may optionally be 
smoothed by CMP (chemical mechanical polishing) or 
20 reflowing. Then, contact holes are made in interiayer in- 
sulating layer 38 by reactive ion etching. Barrier metals 

61 such as titanium and titanium nitride are fomied on 
the bottoms and sidewalls of the contact holes by CVD 
or sputtering, and thereafter a conductor comprised of 

25 a metal such as aluminum, copper or tungsten or an al- 
toy composed chiefly of any one of these is formed by 
a process such as CVD, sputtering or plating to bury 
conductors which sen^e as electrodes 61 , in the contact 
holes. TTte barrier metals and conductors lying above 

30 the top surface of the interiayer insulating layer 38 may 
optionally be removed by etching or CMP. Barrier metals 

62 are again lormed, and a conductor comprised of a 
metal such as aluminum, copper or tungsten or an altoy 
composed chiefly of any one of these is deposited by a 

3S process such as CVD. sputtering or plating, followed by 
patterning to form wiring 62. Thus, the structure as 
shown in Fig. 9E is obtained. 

(Seventh Embodiment) 

40 

[0112] Fig. 10 shovra a cross-sectional structure of a 
photoelectric conversron device according to the 
present embodiment. 

[0113] In the present embodiment, an n-type semi- 
45 conductor diffusion layer 1 4 sending as the cathode of a 
photodtode is provided with a high-impurity-density lay- 
er for an ohmic contact, and is connected to an electrode 

63 in a contact hole via this layer and a barrier metal 61 . 
The semiconductor compound layer 30 of a high-melt- 

so ing point metal is provided on the top surfaces of source 
and drain 1 5 and gate electrode 1 2. The part of the con- 
tact hole of the semkionductor diffusion layer 14 is sub- 
stantially light-screened by the electrode 63 and wiring 
54, and the surface of the n-type semiconductor diffu- 

55 sion layer 1 4 and the surface of a p-type semiconductor 
diff uston layer 22A, except tor that part, are covered with 
an interiayer insulating film 36 such as a sUicon oxide 
film. Here, a semiconductor compound tonmatbn barrier 
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layer (not shown) used when the sennlconductor com- 
pound layer 30 o1 a high-metting point metal is formed 
is removed in a later step and thereafter the interbiyer 
insulating film 38 is formed. 

[0114] Hera is illustrated a charge transfer transistor 
as the MOS transistor. A reset MOS transistor can also 
be made up like the transistor illustrated here. 
[011 5] This embodiment may also be so modified as 
to connect the cathode of the photodiode to the gate 
electrode 12 of the MOS transistor, where the transistor 
as illustrated can also be used as an amplifying MOS 
transistor. 

[0116] In the embodiments described above, it is ap- 
parent that the device may be made up also when the 
p-type is replaced with the n-type and the relation of po- 
tential is inversed. 

[0117] The photoelectric conversion device of the 
present invention may also be used as a linear sensor 
where light-receiving areas are arranged in a row, and 
may also be used as an area sensor where they are ar- 
ranged in a twoKiimensionai array. 
[0118] An example of such an. area sensor is shown 
in Fig. 11. Here, only two-row two-column pixels are 
shown as photoelectric conversion sections 41 . In prac- 
tice, however, a hundred thousand (1 00,000) to ten mil- 
lion (10.000.000) pixels are arranged. Reference nu- 
meral 42A denotes a peripheral circuit constituted of 
row-selection circuits such as a shift register for select- 
ing read pixels and a shift register for selecting reset 
pixels; and 42B, a peripheral circuit constituted of a sig- 
nal-read circuit having a horizontal shift register, a sam- 
ple-and-hold circuit and a low-current source. In the 
case of such a photoelectric conversion device, the 
semiconductor compound formation barrier layer may 
be provided in the region corresponding to the photoe- 
lectric conversion section 41 on a wafer, followed by sal- 
icldation processing, and, in the peripheral circuit sec- 
tion 42. the semiconductor compound layers may be 
formed on MOS transistors of the peripheral circuits 42A 
and 42B. 

[0119] Fig. 15 shows an image intomnation process- 
ing device such as a digital still camera or a digital video 
camera, according to the present invention. Reference 
numeral 71 denotes an optical lens which forms images 
of objects on a photoelectric conversion device; 72, the 
photoelectric conversion device described above; and 
73, a control circuit having an MPU (microprocessing 
unit), which performs control to process image signals 
outputted from the photoelectric conversion device and 
to store the processed signals in a storage medium 75. 
Reference numeral 74 denotes a write circuit which 
writes image inforn^ation to the storage medium 75. As 
the storage medium 75, usable are Ivtown semiconduc- 
tor memories, magnetic recording mediums, optical re- 
cording mediums, optical-magnetic recording mediums 
and so forth. 



Claims 

1. A photoelectric conversion device comprising a 
photoelectric-conversion section and a peripheral 
s circuit section where signals sent from the photoe- 
lectric-conversion section are processed, the both 
sections being provided on the same semiconduc- 
tor substrate, wherein; 

10 a semiconductor compound layer of a high- 

melting point metal is provided on the source 
and drain and a gate electrode of an MOS tran- 
sistor that forms the peripheral circuit section; 
and 

IS the top surface of a semiconductor diffusion 

layer that senses as a light-receiving part of the 
phkotoelectric conversion section Is in contact 
with an insulating layer. 

^ 2. The photoelectric conversion device according to 
claim 1 . wherein at least pan of the top surface of 
a gate electrode adjoining to the light-receiving pari 
is in contact with the insulating layer. 

2S 3. The photoelectric conversion device according to 
claim 1 . wherein an end of the semiconductor com- 
pound layer of a high-melting point nnetal is dis- 
posed on the top surface of a gate electrode adjoin- 
ing to the light-receiving part. 

30 

A. The photoelectric conversion device according to 
claim 1 . wherein an end of the semiconductor diffu- 
sion layer is in contact with the insulating layer. 

3S 5. The photoelectric conversion device according to 
claim 1, wherein the seriiiconductor diffusion layer 
comprises a first-conductivity type semiconductor 
layer where photoelectrically converted electrical 
charges are stored. 

40 

6. The photoelectric conversion device according to 
claim 1 , wherein the semiconductor diffusion layer 
comprises a second-conductivity type semiconduc- 
tor layer provided between a first-conductivity type 

45 semiconductor layer where photoelectrically con- 
verted electrical charges are stored and the insulat- 
ing layer. 

7. The photoelectric conversion device according to 
so claim 1, wherein the semiconductor diffusion layer 

comprises a first-conductivity type semiconductor 
layer where photoelectrically converted electrical 
charges are stored, and the first -conductivity type 
semiconductor layer has an impurity density lower 
s$ than the impurity density of the source and drain of 
the MOS transistor. 

8. The photoelectric conversion device according to 
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claim 1, wherein the source and drain ol the MOS 
transistor have at least two regions having Impurity 
densities different from each other, arxi the semi- 
conductor compound layer of a high-melting point 
metal is formed only on the region having a higher 
impurity density of the regions. 

9. The photoelectric conversion device according to 
claim 1 . wherein the photoelectric conversion sec- 
tion has at least one of an amplifying MOS transis- 
tor, a reset MOS transistor and a selecting MOS 
transistor. 

10. The photoelectric conversion device according to 
claim 1 , wherein the photoelectric conversion sec- 
tion has a charge transfer MOS transistor, and the 
semiconductor compound layer of a high-melting 
point metal is provided on at least part of the gate 
electrode of the charge transfer MOS transistor and 
on either of the source and drain thereof. 

11. The photoelectric conversbn device according to 
claim 1. wherein the photoelectric conversion sec- 
tion has an amplifying MOS transistor, a reset MOS 
transistor and a selecting MOS transistor, and the 
semiconductor compound layer of a high-melting 
point metal is provided on the gate electrodes and 
sources and drains of these transfer MOS transis- 
tors. 

12. The photoelectric conversion device according to 
claim 1, wherein the photoelectric conversion sec- 
tion has an amplifying MOS transistor, a reset MOS 
transistor and a selecting MOS transistor; the sem- 
iconductor compound layer of a high-melting point 
metal is provided on the gate electrodes and sourc- 
es and drains of these transfer MOS transistors; 
and the photoelectric conversion section further has 
a charge transfer MOS transistor, and the semicon- 
ductor compound layer of a high-metting point metal 
Is provided on at least part of the gate electrode of 
the charge transfer MOS transistor and on either of 
the source and drain thereof. 

13. The photoelectric conversion device according to 
claim 1, wherein the insulating layer is a semicon- 
ductor compound formation barrier layer. 

14. The photoelectric conversion device according to 
claim 1 , wherein the insulating layer Is a reflection 
preventive film. 

15. The photoelectric conversion device according to 
claim 1 , wherein the insulating layer comprises a 
plurality of layers having refractive indexes different 
from one another. 

16. The photoelectric conversion device according to 



claim 1 , wherein the insulating layer comprises non- 
doped silicon oxide. 

17. The photoelectric conversion device according to 
5 claim 1 , wherein the insulating layer comprises sil- 
icon oxide doped with at least one of boron and 
phosphorus. 

18. The photoelectric conversion device according to 
10 claim 1 , wherein the insulating layer comprises a 

stack of silicon oxide and silicon nitride or silicon 
nitride oxide. 

19. The photoelectric conversion device according to 
15 claim 1. which has a light-screening layer, and the 

semiconductor compound layer of a high-melting 
point metal is provided on the gate electrode and 
source and drain of all MOS transistors light- 
screened tyy the light-screening layer. 

20. The photoelectric conversion device according to 
claim 1 , wherein the photoelectric conversion sec- 
tion has a floating diffusion layer which receives 
electrical charges transferred from the semiconduc- 

29 tor diffusion layer, and the top surface of the floating 
diffusion layer is in contact with the insulating layer 
except for the bottoms ol contact holes. 

21. The photoelectric conversion device according to 

30 claim 1, wherein the photoelectric conversion sec- 
tion has an amplifying MOS transistor, a reset MOS 
transistor and a selecting MOS transistor, and the 
top surfaces of the gate electrodes and sources and 
drains of these transfer h/OS transistors are in con- 

3S tact with the insulating layer except for the bottoms 
of contact holes. 

22. The photoelectric conversion device according to 
claim 1, wherein the photoelectric conversion sec- 

40 tlon has an amplifying MOS transistor, a reset MOS 
transistor and a selecting MOS transistor; the top 
surfaces of the gate electrodes and sources and 
drains of these transfer MOS transistors are in con- 
tact with the Insulating layer except for the bottoms 

45 of contact holes; and the photoelectric conversion 
sectbn further has a floating diffusion layer which 
receives electrical charges transferred from the 
semiconductor diffusion layer, and the top surface 
of the floating diffusion layer is in contact with the 

so insulating layer except for the bottoms of contact 
holes. 

23. The photoelectric conversion device according to 
claim 1, wherein the photoelectric conversion sec- 

ss tion is in plurality, and disposed in a two-dimension- 
al array. 

24. The photoelectric conversion device according to 
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claim 1. wherein the top surfaces o1 the gate elec- 
trodes and sources and drains ot the MOS transis- 
tors present in the photoelectric conversion sec- 
tions disposed in a twoKlimensional array are in 
contact with the insulating layer except for the bot- 
toms of contact holes. 

25. The photoelectric conversion device according to 
claim 1 , wherein the photoelectric conversion sec- 
tions disposed in a two-dimensional array are cov- 
ered with a common semiconductor compound for- 
mation barrier layer. 

26. The photoelectric conversion device according to 
claim 1 , wherein the peripheral circuit section has a 
shift resistor. 

27. The photoelectric conversion device according to 
claim 1, wherein the peripheral circuit section has 
an analog-lo-digital converter. 

28. The photoelectric conversion device according to 
claim 1 , wherein the semiconductor compound lay- 
er of a high-melting point metal comprises a metal 
selected from the group consisting of titanium stli- 
cide, nickel silicide. cobalt sllicide, tungsten silicide, 
molybdenum silicide, tantalum silicide. chromium 
silicide, palladium silicide. platinum silicide, vanadi- 
um silicide and zirconium silicide. 

29. The photoelectric conversion device according to 
claim 1 , wherein the semiconductor diffusion layer 
comprises a first-conductivity type semiconductor 
layer where photoelectrlcally converted electrical 
charges are stored, and the first-conductivity type 
semiconductor layer has a junction depth larger 
than the junction depth of the source and drain of 
the MOS transistor. 

30. The photoelectric conversion device according to 
claim 1 , wherein; 

the source and drain ot the MOS transistor of 
the photoelectric conversion section have at 
least two regions having Impurity densities dif- 
ferent from each other, and the semiconductor 
compound layer of a high-melting point metal 
Is not formed on the region having a higher im- 
purity density of the regions at its portions ex- 
cept for the bottoms of contact holes; and 
the MOS transistor of the peripheral circuit sec- 
tion has at least two regions having impurity 
densities different from each other, and the 
semiconductor compound layer of a high-melt- 
ing point metal is formed on the region having 
a higher impurity density of the regions. 

31. A process for fabricating the photoelectric conver- 



sbn device according to claim 1, the process com- 
prising the steps of; 

covering with a semiconductor compound for- 
5 matbn barrier layer the top surface of a semi- 

conductor diffusion layer that serves as a light- 
receiving part of the photoelectric conversion 
section; and 

fomfiing a semiconductor compound layer of a 
10 high-melting point metal on source and drain 

regions and a gate-electrode conductive layer 
of an MOS transistor which are not covered with 
the semiconductor compound fom^tion barrier 
layer. 

IS 

32. A process for fabricating a photoelectric conversion 
device comprising a photoelectric coriversbn sec- 
tion and a peripheral circuit section where signals 
sent from the photoelectric conversion section are 

20 processed, the both sections being provided on the 
same semiconductor substrate, the process com- 
prising the steps of: 

covering with a semiconductor compound for- 
2S tnainn barrier layer the top surface of a semi- 

conductor diffusion layer that serves as a light- 
receiving part of the photoelectric conversion 
section; and 

forming a semiconductor compound layer of a 
30 high-melting point metal on source and drain 

regions and a gate-electrode conductive layer 
of an MOS transistor which are not covered with 
the semiconductor compound formation barrier 
layer. 

33. The photoelectric conversion device fabrication 
process according to claim 32. which comprises the 
steps of: 

40 depositing a high-melting point metal on the 

gate -electrode conductive layer not covered 
with the semiconductor compound formation 
barrier layer and on the source and drain re- 
gions; 

45 heat-treating the high-malting point metal; and 

removing unreacted metal of the high-melting 
point metal. 

34. The photoelectric conversion device fabrication 
so process according to claim 32. wherein an end of 

the semiconductor compound formation barrier lay- 
er is disposed on the top surface of a gate-electrode 
conductive layer adjoining to the semiconductor dif- 
fusion layer. 

55 

35. The photoelectric conversion device fabrlcatton 
process according to claim 32, wherein the photo- 
electric conversion section is provided in a twoKji- 
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mensional array, and photoelectric conversion sec- 
tions provided in a two-dimensional array are cov- 
ered with a common semiconductor compound for- 
mation barrier layer. 

36. The photoelectric conversion device fabrication 
process according to claim 32. which comprises the 
step of forming an insulating fiim so as to cover the 
semiconductor compound formation barrier layer. 

37. The photoelectric conversion device fabrication 
process according to claim 32. which comprises the 
steps of forming an insulating film so as to cover the 
semiconductor compound formation barrier tayer, 
forming contact holes which pass through the sem- 
iconductor compound formation barrier layer and 
the insulating film, and filling the contact holes with 
a conductor. 

38. The photoelectric conversion device fabrication 
process according to claim 32, which comprises the 
step of removing the semiconductor compound for- 
mation barrier layer and thereafter forming an insu- 
lating film so as to cover the semiconductor com- 
pound layer. 

39. The photoelectric conversion device fabrication 
process according to claim 32, which comprises the 
step of forming on the semiconductor compound 
formation barrier layer a layer having a refractive 
index different from that of the semiconductor com- 
pound formation barrier layer. 

40. The photoelectric conversion device fabrication 
process according to claim 39. wherein the layer 
having a refractive index different from that of the 
semiconductor compound formation barrier layer 
comprises silicon nitride or silicon nitride oxide. 

41. The photoelectric conversion device fabrication 
process according to claim 32, wherein the semi- 
conductor compound formation barrier layer is so 
formed as to cover an.end of the semiconductor dif- 
fusion layer. 

42. The photoelectric conversion device fabrication 
process according to claim 32. which comprises the 
steps of: 

forming a well and an isolation region on the 
semiconductor substrate; 
forming a polycrystalline silicon layer serving 
as the gate electrode of the MOS transistor; 
forming the semiconductor diffusion layer; 
forming a low-impurity-density region senring 
as the source and drain of the MOS transistor, 
forming a side spacer on side walls of the poty- 
crystalline silicon layer; 



forming a high-impurity-density region in the 
low-impurity-density region; 
forming a silicon oxide layer on the semicon- 
ductor substrate; 

5 removing the silicon oxide layer on the poly- 

crystalline silicon layer and high-impurity-den- 
sity region, leaving the silicon oxide layer 
present on the semiconductor diffusion layer; 
depositing a high-melting point metal layer and 

10 an anti-oxidizing layer of a high-melting point 

metal; 

making heat treatment; and 

removing a high-melting point metal unreacted 

layer and the anti-oxidizing teiyer 

IS 

43. An image Information processing device comprising 
the photoelectric conversion device according to 
claim 1. and a circuit which processes image sig- 
nals outputted from the photoelectric conversion 

20 device and stores the processed signals in a stor- 
age medium. 

44. The image information processing device accord- 
ing to claim 43, which is a digital still camera or a 

2S digital video camera. 

45. A photoelectric conversion device comprising: 

a photoelectric conversion section having a 
30 light receiving semiconductor region (1 4); and 

at least one MOS transistor formed on the same 
substrate as the light receiving semiconductor 

region, 

3S characterised in that at least one of the 

source, drain and gate regions of the MOS transis- 
tor has a semiconductor compound of a high melt- 
ing point metal provided thereon, and in that the 
light receiving semiconductor region does not have 

40 a semiconductor compound of a high melting point 
metal provided on it at least at its periphery where 
it forms a pn junction with adjacent semiconductor 

46. A photoelectric conversion device according to 
4S claim 45 in which the entire light receiving semicon- 
ductor region is free of a semiconductor compound 
of a high melting point metal. 

47. A photoelectric conversion device according to 
so claim 45 or claim 46 in which the said MOS transis- 
tor is a transfer switching transistor (2) for connect- 
ing or disconnecting the light receiving semiconduc- 
tor regbn to or from the other circuit components. 

55 48. A photoelectric conversion device according to 
claim 45 or claim 46 in which the said MOS transis- 
tor Is a reset transistor (3) for connecting or discon- 
necting a reset potential. 
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49. A photoelectric conversbn device according to 
claim 45 or ciatm 46 In which the said MOS transis- 
tor is an amplifying transistor (5) (or receiving an 
amplifying charge from the light receiving semicon- 
ductor region (14). 5 

50. A photoelectric conversion device according to 
claim 45 or claim 46 comprising a processing sec- 
tion for processing signals from the tight receiving 
semiconductor region (14), and the said MOS tran- io 
sistor is a part of the processing section. 

51. A photoelectric conversion device according to 
claim 50 comprising an amplifying transistor (5) for 
receiving an amplifying charge from the light receiv- is 
ing semiconductor region (14), and the processing 
section is connected downstream of the output of 
the amplifying transistor (5). 

52. A photoelectric conversion device according to any 20 
one of claims 48 to 51 In which the semiconductor 
compound of a high melting point metal is provided 

on the source, the drain and the gate of the said 
MOS transistor. 

53. A photoelectric conversion device according to any 
one of claims 45 to 52 In which the light receiving 
semiconductor region has an Insulating layer pro* 
vided on it at least at its periphery where it forms a 

pn junction with adjacent semiconductor. 30 

64. A method of malcing a photoelectric conversion de- 
vice, comprising: 

(a) forming a MOS transistor and a light receiv- 3s 
ing semiconductor region on a common sub- 
strate; and 

(b) forming a semiconductor compound of a 
high melting point metal on at least one of the 
gate, the source and the drain of the MOS tran- ^ 
sistor while not forming a semiconductor com- 
pound of a high melting point metal on the tight 
receiving semiconductor region at least at its 
peripheiy where it forms a pn junction with ad- 
jacent semiconductor. ^ 

55. A method according to claim 54 which comprises, 
before step (b). forming a protective layer over the 
light receiving semiconductor regton at least at its 
periphery where it forms a pn junction with adjacent so 
semiconductor, to prevent the formation of a semi- 
conductor compound of a high melting point metal. 
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